The molecular basis for the selectivity of tadalafil toward phosphodiesterase 5 and 6: a modeling study.
Great attention has been paid to the clinical significance of phosphodiesterase 5 (PDE5) inhibitors, such as sildenafil, tadalafil, and vardenafil widely used for erectile dysfunction. However, sildenafil causes side effects on visual functions since it shows similar potencies to inhibit PDE5 and PDE6, whereas tadalafil gives a high selectivity of 1020-fold against PDE6. Till now, their molecular mechanisms of selectivity of PDE5 versus PDE6 have remained unknown in the absence of the crystal structure of PDE6. In order to elucidate its isoform-selective inhibitory mechanism, a 3D model of PDE6 was constructed by homology modeling, and its interaction patterns with tadalafil plus sildenafil were exploited by molecular docking, molecular dynamics (MD) simulations, and binding free energy calculations. The present work reveals that tadalafil exhibits a less negative predicted binding free energy of -35.21 kcal/mol with PDE6 compared with the value of -41.12 kcal/mol for PDE5, which suggests that tadalafil prefers PDE5 rather than PDE6 and confers a high selectivity for PDE5 versus PDE6. The binding free energy results for tadalafil were consistent with external bioassay studies (IC50 = 5100 and 5 nM toward PDE6 and PDE5, respectively). Two important residues from the Q2 pockets (Val782 and Leu804 in PDE5 and their corresponding Val738 and Met760 in PDE6) were further identified to account for the high selectivity of tadalafil for PDE5 versus PDE6. These findings have shed light on the continuous puzzle of why sildenafil (IC50 = 74 and 6 nM toward PDE6 and PDE5, respectively) causes visual disorders because of its poor selectivity but tadalafil does not. In addition, the homology model of PDE6 can be used to design more potent and selective second-generation PDE5 inhibitors with less inhibitory potency against PDE6.